' . The changes in surface area and mesoporosity in aggregates of "'O.Olll m cross-section CaO particles when heated in CO 2 at ,686°C have been determined from N2 adsorption isotherms. Initially, the surface area decreases rapidly with little change in porosity. When the surface 2 area has decreased below "'90 m /g, surface area and porosity variations become consistent with expectations for coarsening by grain boundary or bulk diffusion. The initial rapid decrease in surface area must result b CO -2 f · 1 · h f 0-2 . f ecause 3 ormat10n great y 1ncreases t e rate 0 10n sur ace diffusion and probably the rate of Ca+ 2 ion surface diffusion also, but the data suggest that surface diffusion is not rate limiting. The rate limiting step may be decomposition of adsorbed CO -2 ions to 0-2 ions 3 and CO 2 gas.
;rntroduction CO 2 gas is a remarkably effective catalyst for surface area 2 1-4 reductions in high surface area (80-120 m /g) CaO powders.
Measurable reductions have been found at a temperature of only 610°C and -6 5 at a pressure as low as 0.2Pa (2x10 atm).
In vacuum, the same CaO powders do not lose surface when heated for several hours at 900°C.
This paper reports quantitative measurements of the CO 2 -catalyzed.
surface area and porosity changes produced when the high surface area Evidence for two paths of coarsening are found: 1) a surface path that produces initial rapid decreases in surface area with little change in porosity, and 2) a path that causes slower surface area and mesoporosity decreases and growth of the> 1 II m cross-section pores with relatively little decrease in total porosity. Changes in surface area with time by the slower path are consistent with expectations for 7 8 diffusion limited processes, , but reasons are given for thinking that a nondiffusional step of CaO transport may govern the rate of the initial rapid process.
'el
The most similar previous study appears to be that vacuum at 686°C using a dual furnace microbalance apparatus. 6 The CaO was cooled in the apparatus to 78 K, and N2 adsorption-desorption isotherms were measured to yield the surface area of sintered CaO.
Sintering was produced by heating the aggregates to 686°C and introducing high purity CO 2 at 1.33 x 10 3 Pa pressure. The change in sample weight caused by CO 2 pick up during heating was followed continuously. After exposure for a selected time period, the CO 2 was pumped out and the sample was cooled to 78 K for measurement of an N2
isotherm.
Throughout the sintering experiments, the sensitivity of the thermobalance was set at 2.5 x 10-3 mg x mm-1 , and CO 2 weight variations were continuously recorded. Tests with dry N2 were made to evaluate the buoyancy and to tare the apparatus at 686°C throughout the range of pressures investigated.
SEM observations were made on the final samples as well as on samples of the kind of high surface area CaO used in the sintering studies. To minimize hydration, fresh internal surfaces of samples were 'c~a ted, as soon as they were formed, with a layer of gold 'V 30 nm thick.
Linear dimensions of the fin·al sintered oxides were measured with a micrometer as soon as the samples were removed. From previous . . 10 experience with hydration of CaO, the hydration during measurement is estimated at < 3%. This level of vapor-phase hydration has an insignificant effect on overall sample dimensions.
Results and Discussion
The pressure of CO 2 at which calcite formation from bulk CaO 3 11 begins at 686°c is calculated from standard tables to be 2.7 x 10 Pa.
The high surface area CaO, however, reacted with CO 2 to' form calcite when its pressure exceeded Figure 2 is a cross section of a broken surface through a CaO aggregate after it has been sintered for 60 hours. These pictures show that the heating in CO 2 produces particles which retain preferred alignments along the initial rod axes.
Three N2 adsorption-desorption isotherms of the kind which were used to investigate the changes in surface area and mesoporosity produced by heating in CO 2 are reproduced in Fig. 3 . Surface areas were obtained by the standard multipoint BET method. When, as seen in Thermal cycling also reduced the mesoporosity by several percent.
Evidently the cycling causes the CaO rods to repack more closely together so that the rates of surface area reduction are increased when CO 2 -catalyzed sintering is resumed. Figure 6 shows the, at first, puzzling results obtained when the 'quantity of CO 2 absorbed by a sample was· followed as a function of time.
An explanation for the existence of two maxima in the curve of Fig. 6 was found by comparing the weight of CO 2 taken up by the sample .at a given time to its specific surface area (Fig. 7) . The initial rapid rise to the maximum shown in the inset of Fig. 6 is produced by CO 2 adsorption on the CaO surface, but sintering causes .the surface area available for adsorption to decrease. A slower process of CO 2 penetration into the sample (presumably at grain boundaries but possibly in the bulk) arrests and then reverses the weight decrease. About six hours after sintering has begun, the grain boundaries (or bulk sample)
are essentially saturated and the continued decrease in surface area causes the reduction in CO 2 content of the sample to resume. This interpretation is substantiated by measurements of CO 2 adsorption and 'fi /' 7 absorption of surface areas < 20 m 2 /g, for which sintering rates were slow. 14 Surface area changes were examined in terms of the equation (1) where SO is the initial surface area; ~S is the change in area; n is the mechanism-characteristic exponent; B is a constant which includes the particle size, temperature, and geometric terms; N is the = at grain boundaries, is of the order 1 mole %.14 The high value of n measured for the lower surface area samples is consistent with expectations for a process limited by a diffusional process.
In the short time regime, the physical evidence clearly indicates that the initial rapid surface area reduction at nearly constant mesoporosity (insert of Fig. 5 ) must be produced by surface diffusion:
(1) the rapid process occurs only when CO 2 is present and begins when the CO 2
has not yet had time to penetrate far from the CaO surface;
(2) an 'evaporation and condensation mechanism is ruled out because there are no known vapor molecules which could be formed by reaction of CO 2 with CaO to account for the sintering observed.
Surface diffusion is expected to produce large decreases in surface area with little change in porosity, as observed in the inset of ...
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